With the development of behavioral operational management, human behavior such as altruism, fairness and trust has received considerable attention. This paper studies the effect of altruism on retailer's and manufacturer's pricing strategy in two classic dual-channel supply chains by presenting Stackelberg game models. The analysis shows that the player's altruism preference strongly affects their pricing strategies. The more altruistic one player is, the more profits the other player obtains. Moreover, the effect of manufacturer's altruistic preference is larger than that of retailer's. In addition, online price is always lower than offline price in dual-channel supply chain, which still holds true considering altruism. The results also reveal that the product web-fit has significant effect on the player's optimal pricing strategies. The more compatible with online market the product is, the lower the retail price is set, and the more profit the manufacturer obtains whereas the less the retailer gets.
Introduction
With the emergence and development of internet, consumers' demand is increasing at an amazing speed, which opens an online market with great potential. According statistical data of iResearch, the amount of online shopping reached 498 billion in 2010, which is predicted to exceed 1000 billion in the year of 2013. Facing such temptation, every corporation is eager to share this "big cake" by adding an online channel besides the traditional one. According to one survey, about 42% of the top suppliers in a variety of industries such as IBM, Nike, Dell, Pioneer Electronics and Cisco System are selling directly to consumers through the direct online channel (see [1] ). In addition, more and more retailers such as Wal-mart, Gome, Suning and Watsons also successfully opened their online market. In a word, e-commerce channel is increasingly adopted in supply chain. Dual-channel supply chain management is thus paid with high attention in recent years.
There are two main streams of research related to our paper, channel management in dual-channel supply chain and social preference. In the following, we briefly review the most related research and describe our contributions with respect to the vast, growing literature.
Contrary to tremendous interest in the dual-channel distribution strategy, much recent research on dual channel management tends to focus on pricing strategies rather than finding an optimal distribution strategy. Reference [1] shows that a direct online channel plays a role of exerting potential competition pressure on the existing retailer by increasing the manufacturer's negotiation power and reducing the double marginalization in the retail market even though its profit is non-positive. Reference [2] concludes that the manufacturer's optimal strategy is to charge the same price across both channels. [3] shows that an equal-pricing strategy-the online channel and the retail channel are priced the same-is appropriate as long as the retail channel is significantly more convenient than the Internet channel. [4] studies the optimal pricing strategy when a retailer sells its product through both the internet channel and the traditional channel. Reference [5] indicates that a manufacturer's contract with a wholesale price and a price for the direct channel can coordinate the dual-channel supply channel, benefiting the retailer but not the manufacturer. Reference [6] shows that the optimal pricing decisions are affected by customers' preference for the direct channel and the market scale, in both centralized and decentralized dual-channel supply chains. A lot of literature prove that dual-channel strategy is more preferable under most situation (see [5, 7, 8] ). Retail services are taken into consideration in some literature, e.g. [9, 10] . There are other literature studied different factors affecting channel selection by supposing linear function of retailer's and manufacturer's effort in different channels. Reference [11] finds that channel preference depends on supply chain's efficiency and marketing capability. If the manufacturer is willing to reduce the wholesale price, both manufacturer and retailer can benefit from a dual channel. [12] indicates that the most critical factor in channel selection in a vertically integrated supply chain is the variable cost per unit of product sold using the direct vs. the retail channels. In the presence of independent retailer, the size of the retail-captive consumer segment relative to the size of the hybrid consumer segment becomes a major factor in channel selection. [13] investigates the impact of channel structures on the supplier, the retailer, and the entire supply chain in the context of two single-channel and two dual-channel supply chains.
Channel competition is always a hot point in dualchannel supply chain management. Reference [14] looks at price competition between the two channels using Bertrand and Stackelberg game models. [15] studies the impacts of different channel strategies on the total profits of a firm from a cooperative advertising perspective and showed that channel cooperation leads to an excess of profits that can be shared between the online and conventional parties. [16] studies the optimal contract design problem in a mixed channels supply chain considering information condition. [17] indicates that the manufacturer's optimal channel strategy depends on the channel environment. [18] examines the optimal decisions of delivery lead time and prices in centralized and decentralized dual-channel supply chains. In a Stackelberg model, [19] compares equilibrium price and profit of retail and manufacturer in different information conditions, information symmetry and asymmetry. Analysis of a bargaining model indicates that an information sharing equilibium can be reached by proper profit sharing. However, the above papers fail to address product webfit, which is well known for its strategic importance for online sales (see [20] [21] [22] ). In our study, we incorporate product web-fit into our channel structure to study the pricing strategies in two classic dual-channel supply chains.
On the other hand, the development of behavioral operational management brings challenge to the "homo economics" hypothesis. Scholars show highly interest in the role of human behavior in management, which is the second literature stream related to our study. We only refer to the effect of social preference in supply chain management, which is the closest to this paper. For instance, Reference [23] proves that the fairness considerations can coordinate the channel under price-only contract. Assuming a linear demand function, [24] provides experimental evidence that there exist two contrasting social preferences that systematically affect economic decision making in supply chain transactions: while the relationship preference promotes cooperation, individual performance, high system efficiency, and sustainable over time, the status preference induces tough actions and reduces both system efficiency and individual performance. These authors find considerable support that the player's utility is a weighted linear function of each one's profit. In the context of SCM, References [25] and [26] discuss the effect of altruism on strategic behavior or partnership management. [27] shows that the performance of the supply chain in consideration of altruism is between those of scenarios under decentralization and under integration. The paper further point out that a manufacturer, as a leader, should find an egoistic retailer, while a retailer, as a follower, should find a manufacturer with altruistic liability, to form a good chain. Different from the above literature, this paper explores the effect of altruistic preference on each player's pricing strategy in two classic dual-channel supply chains. Different channel selection leads to different supply chain structure. In a two-stage supply chain, according to which member use the dual-channel (traditional and online channel coexist), we have two classic dual-channel supply chain: retailer-dual channel manufacturersupply chain (supply chain (a)) and manufacturer-dual channel retailer-supply chain (supply chain (b)) (see AJOR studied channel selection and price setting with respect to the manufacturer or the retailer. By comparing two classic dual-channel supply chains in the altruism and nonaltruism scenario, this paper tries to explore the effect of altruism on each player's pricing strategies. We incorporate product web-fit into demand function.
Reference [28] indicates that a product bought online is less valuable to the consumer than an identical product bought through a traditional retailer. There can be several reasons for this phenomenon. First, real product can be touched by consumers in physical stores, which well conveys product attributes, while online channel cannot. Second, for the online purchase, possession and gratification is delayed, whereas they are instant when the product is purchased through the traditional channel. Besides, consumers typically will be charged a transport fee for online purchases, and returns to online stores are difficult. All these factors reduce the value of the product for online purchases.
Suppose that the value of the product is when it is bought through traditional channel, and the value of the same product is
when it is purchased online. The parameter  is defined as product web-fit, and is determined by product attributes and the nature of online marketing. Based on empirical analysis of data, Reference [21] shows that product web-fit turns out to be less than one for most product categories (see Table 1 ). Therefore, product web-fit varies with product categories and the value of product web-fit ranges from zero to one 0 < θ < 1. The value of zero signifies that the product is not compatible with online marketing at all and the value of one signifies that the product is completely compatible with online sales. Our paper considers such products whose web-fit range from zero to one.
In this paper, we present an analytical framework for product web-fit in a centralized and a decentralized dual-channel supply chain system. In each system, we formulate Stackelberg game model to compare two classic dual-supply chains. In the decentralized system, altruism and non-altruism scenario are compared to exam the effect of altruism on pricing strategy. This paper contributes to the literature in the following three aspects: 1) we incorporate product web-fit in the demand function, which is more reasonable in fact; 2) we study the effect of altruism on each player's pricing strategies, a new perspective in dual-channel supply chain management; 3) two classic dual-channel supply chains are compared.
The reminder of this paper is organized as follows. Section 2 introduces the notation and formulates the decision models for the manufacturer and the retailer. In Table 1 . Product web-fit  for web-based online channel. Sections 3 and 4, we examine the price decisions of the retailer and the manufacturer in the non-altruism and altruism scenarios respectively. Section 5 gives numerical examples to illustrate the influence of altruism and product web-fit on the retailer's, the manufacturer's and whole supply chain's profits. We conclude the results and suggestions for future research in Section 6. All proofs are in the appendix.
The Model
In this paper, we consider a manufacturer who produces a single product at a unit cost c and distributes it through an independent retailer channel at a wholesale price w. The product is sold through online channel at price p 1 and through traditional channel at price p 2 . Customers can choose either the traditional retail channel or the online channel to purchase the product. We assume that in traditional channel consumers' evaluation of a product is v, and the retailer's price is p 2 , then those consumers whose evaluation exceed p 2 would purchase the product through traditional channel as they can get surplus. v r , which equals to p 2 , is the marginal valuation for buying from the traditional channel. We therefore have the demand functiond D = v − p 2 when the retailer sales products only in physical stores. Now we discuss mixed channel. Product web-fit needs to be considered. Consumers' evaluation of a product in online channel is supposed to be θv, and the product is sold online at the price of p 1 , then consumers would prefer to buy the product from online channel if θv > p 1 v > p 1 /θ as they can get surplus θv − p 1 ·v d , which equals p 1 /θ, is the marginal valuation for buying from the online channel. When facing two channels, consumers would prefer the channel which brings them more surpluses. So when 1 2 [29] . Thus, the demand functions for the online and traditional channels, respectively, can be expressed as
In supply chain (a), the retailer's and manufacturer's profits are determined by
In supply chain (b), the retailer's and manufacturer's profits are determined by
If the dual-channel supply chain is vertically integrated, then the profit of the centralized dual-supply chain (both supply chains (a) and (b)) is (7) Note that the formulations of supply chains (a) and (b)'s profits in centralized system are identical. The following section considers a centralized system in which all the decisions are centralized to maximize the performance of the entire supply chain, that is, the manufacturer is vertically integrated with the retailer. She controls both decisions: the retail price and direct sale price. The centralized system solution serves as a benchmark for the decentralized setting. Then we consider a decentralized supply chain under the Stackelberg game led by the manufacturer. For the decentralized situation, two supply chains ((a) and (b)) are compared in non-altruism and altruism scenarios respectively.
In supply chain (a), the decision process is assumed to follow the following sequence: the manufacturer, as the Stackelberg leader, determines the wholesale price and direct sale price first, then the retailer as the follower, sets his own retail price based on the manufacturer's decisions. Similarly, in supply chain (b), the manufacturer sets the wholesale price first, and the retailer decides the traditional and online retail price accordingly.
Here the subscript "m", "r", "c" means the parameters corresponding to the manufacturer, the retailer and the wholesale system; the superscript "c", "d", "A" and "B" means the parameters corresponding to the centralized and decentralized system, supply chains (a) and (b). In supply chain (a), we call the online channel as the direct channel because the manufacturer sells products through online channel directly.
Non-Altruism
In this Section, we discuss the retailer's and manufacturer's price strategies when both of them are not altruistic.
Centralized Dual-Channel Supply Chain Model
The supply chain performs best if the channel is centrally controlled. Since the wholesale price is only used to divide the profit between the retailer and the manufacture, w is no longer decision variable in the centralized supply chain. The decision variable is only p 1 , p 2 .
Substituting (1) and (2) into (7), we obtain: We easily know and will increase with increasing , which is reasonable because, intuitively, the higher the consumers' evaluation for a product is, the higher its price will be set. In addition, increase with increasing  while is independent of 1 c p  .
Decentralized Dual-Channel Supply Chain Model
In this Section, we discuss the decentralized system, in which the retailer and manufacturer maximize their own profits respectively. We model the decision process as a sequential, Stackelberg game, with the manufacturer as the leader and the retailer as the follower. We first give the retailer's and the manufacturer's best response functions, then present the method to decide the Stackelberg equilibrium strategies of the two players.
Retailer-Dual Channel Manufacturer-Supply
Chain Substituting (1) and (2) into (3) and (4), we obtain
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Proposition 2. In retailer-dual channel manufacturersupply chain, the optimal price of manufacturer and retailer are given respectively by
The corresponding profits of manufacturer, retailer and total supply chain are given as  . Proposition 2 indicates that in supply chain (a), the formulations of the optimal wholesale price and the optimal direct sale price are identical to the optimal traditional price and the online price in the centralized system. In other words, compared with the pricing strategies in the centralized supply chain, the manufacturer should consider the retailer as an end customer and set the wholesale price equal to the retail price in the centralized supply chain, and keep the direct sale price unchanged. Note that when  is between 0 and 1, 1 is always smaller than , which would render the retailer order his products through the online channel instead of the traditional channel. The extreme case is that the manufacturer sells all his products through the online channel. (2) into (5) and (6), we obtain From Proposition 3, we see that , 1 , 2 are all increasing functions to and  . Not that  is between 0 and 1, 1 is always smaller than 2 , that means, the retailer sets a lower online price to appeal consumers into online market. Compared with supply chain (a), the manufacturer sets a smaller wholesale price in supply chain (b). A reasonable explanation is that when the retailer opens an online channel, the retailer benefits from dual-channel while whether the manufacturer's profit will be increased depends on the value of product web-fit. As a result, the manufacturer in supply chain B had better to reduce wholesale price, otherwise the retailer may contact another manufacturer to get lower wholesale price and higher profit. 
Altruism
Instead of being purely self-interested, both the manufacturer and retailer share some mutual concerns about the well-being of the others. Using altruistic utility or the "reciprocity-free" formulation in Reference [30] , verified in the experiments by [24] , the retailer's utility function is: 
Proposition 4. For given w and 1 , the optimal pricing strategy of altruistic retailer is given by:
Substituting into (16) , then taking the first order condition with respect to and and setting them to zero, we get the manufacturer's best response:
and into , we get the retailer's best response:
From Proposition 4, we know that the altruistic retailer's traditional price and the altruistic manufacturer's wholesale price both decrease with increasing θ in supply chain (a), while the retailer's retail price decreases with increasing θ. That means, the more compatible with online market the product is, the more profitable for the manufacturer and less profitable for the retailer. In addition, both the manufacturer's optimal wholesale price and the retailer's retail price are affected by the altruism coefficient, but the manufacturer's direct price is independent of the altruism magnitude.
Manufacturer-Dual Channel
Retailer-Supply Chain
Substituting (11) and (12) into (13) and (14), we obtain: 
price are all influenced by the altruism coefficient.
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Numerical Examples
The purpose of our numerical examples is to explore the effect of product web-fit and altruism magnitude on each player's strategies in dual-supply chain. The numerical examples will complement our analytical results and provide us with more managerial insights. The values we used for the various parameters in our numerical examples are shown in Table 2 . We vary some of the parameters in Table 2 to find their effects on the optimum strategies.
Effect of Product Web-Fit, 
The impacts of the product web-fit on each supply chain player's strategies under the various scenarios are shown in Figures 2 and 3 .
In Figure 2 , we observe that the traditional and online price in supply chain (b) both increase with increasing θ, while in supply chain (a), the online price increases with increasing θ, but the traditional price decreases when the product web-fit increases. This is to be expected because the retailer in supply chain (b) decides both the online and the traditional price, when the product is more compatible with the online channel, the retailer benefits more from higher price. However, in supply chain (a), the retailer sets the retail price while the manufacturer decides the direct price for the same product, which brings competitive to the retailer and forces the retailer to reduce the retail price, and the more compatible with the online channel the product is, the lower the retail price is set. From Figure 2 , we also know that the online price is always lower than the traditional price in both supply chain (a) and (b), which is intuitively because customers' evaluation for a product online is always lower than that in physical stores (see [28] ). Figure 3 illustrates the effect of the product web-fit on the altruistic retailer's and altruistic manufacturer's pricing strategies. We see some interesting changes compared with Figure 2 . In supply chain (a), the retailer's traditional price and the manufacturer's wholesale price both decrease with increasing  , but the manufacturer's direct price increases with increasing  . hat means, the more compatible with online market the product is, the more the manufacturer obtains but the less the retailer obtains. So the altruistic manufacturer will transfer some part of his profit to the retailer by reducing wholesale price when he considers the other player's welfare. In supply chain (b), wholesale price, traditional price and online price all increase with increasing T  , and the manufacturer's wholesale price is so close to the retailer's online price, which makes the retailer obtain little profit from online channel, and the retailer would sale the product only through traditional channel in the long run. We also see that the online price is also lower than traditional price in both supply chains (a) and (b), just as in preference on each player's pricing strategies.
In Figure 4 , all the price increase with increasing r  , in which the effect of retailer's altruistic preference on wholesale price is much more obvious, and the effect on the other prices is less observable. That means, the more altruistic the retailer is, the higher wholesale price the manufacturer set. The manufacturer benefits from the retailer's increasing altruistic preference or say the manufacturer use the retailer's altruistic preference to obtain more profit by increasing wholesale price. In addition, the effect of retailer's altruistic preference on wholesale price in supply chain (a) is greater than that in supply chain (b). It's because the manufacturer in supply chain (a) is more powerful as he controls both wholesale price and direct price while he is less powerful in supply chain (b) where he only control the wholesale price, which also explains why wholesale price in supply chain B is lower than that in supply chain (a). From Figure 5 , we clearly see that wholesale prices in both supply chains (a) and (b) are decreasing with increasing m  , while the online price and traditional price are increasing. The more altruistic the manufacturer is, the lower the wholesale price is set. That means, altruistic manufacturer transfers some part of his profit to retailer by reducing wholesale price as he shows concerns about the retailer's well-being (note that wholesale price in supply chain B is also lower than that in supply chain (a), just as in Figure 4) . The retailer benefits from the manufacturer's increasing altruistic preference or say the retailer use the manufacturer's altruistic preference to obtain more profit by increasing traditional and online price. Comparing Figures 4 and 5 , we see that the effect of the manufacturer's altruistic preference on the two dualchannel supply chains is more obvious than that of the retailer's altruistic preference. Moreover, the optimal prices in supply chain (a) are higher than those in supply chain (b).
In this paper, we develop a framework to study the effect of altruistic preference in two classic dual-channel supply chains. The results show that altruism strongly influences the retailer's and manufacturer's pricing strategies. Numerical studies reveal that the product webfit also has great effect on optimal pricing strategies.
We obtain some new results differing from those in previous literature. Study shows that altruism greatly affects each player's pricing strategies. The more altruistic a player is, the more profitable the other player is. Specifically, one player benefits from the other player's altruistic preference. In addition, we found that the manufacturer's altruistic preference influences each player's pricing strategies more greatly than the retailer's altruistic preference. In a dual-channel supply chain, online price is always lower than traditional price, which also holds true when the retailer and the manufacturer are altruistic according to our study. Analysis reveals that product web-fit affects each player's pricing strategies. The more compatible with the online channel the product is, the lower the retail price is set, the more profitable for the manufacturer and less profitable for the retailer. From numerical examples, we see that the optimal prices in supply chain (a) are set higher than the corresponding prices in supply chain (b).
There are several directions for future research that will achieve a better understanding of dual channel supply chain. For instance, it is assumed that all information is known to the retailer and the manufacturer, and thus, it is insightful to consider asymmetric information, which may change the interaction between the players. In addition, it would be interesting to examine conditions under which it would be more profitable when two channels compete with each other.
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